line per 24 hours (7, 22) . It is further known that the adrenal gland normally synthesizes adrenaline with such rapidity (23) (24) (25) that only under unusual circumstances can the adrenal medulla be depleted of its adrenaline supply (1, 3) . It has been shown that most patients who survive severe thermal burns excrete daily large amounts of adrenaline and noradrenaline, and that this elevated rate of excretion continues for weeks without any recognizable failure in the adrenal gland's ability to produce adrenaline (7) . However, of the burned patients who died, approximately two-thirds showed a markedly depressed adrenaline output at the time of death. The experiments herein described attempt to correlate this low adrenaline output with a low adrenaline content of the adrenal gland and further, to evaluate this finding in terms of an acute adrenal medullary insufficiency.
M ETHQD Urinie A. General. Daily 24-hour urines were collected and bioassayed for adrenaline and noradrenaline.
B. Preparation of urine extract. The procedure was adopted from von Euler and Hellner (22) . The urine was hydrolyzed and the adrenaline and noradrenaline selectively adsorbed on aluminum hydroxide and filtered. The precipitate was washed and redissolved with 2 N H2S04. The remaining salts were precipitated out by mixing the extract with alcohol and acetone. The filtrate was concentrated in vacllo.
C. Biological assay of urine. This procedure has been previously described (4, 5, 7, 26) . In brief, the cat's blood pressure, which is sensitive to noradrenaline, is used in conjunction with the fowl's rectal cecum, which is sensitive to adrenaline. The cat's blood pressure was recorded from the carotid artery and injections of adrenaline, noradrenaline and urinary extract were made into the femoral vein.
The fowl's rectal cecum was suspended in a water bath containing Tyrode's solution at 390 C. Through the Tyrode solution, 6.5 per cent of CO2 in oxygen was bubbled. Inj ections of adrenaline, noradrenaline and urinary extract were made into the bath and the degree of cecal relaxation was recorded on a kymograph.
D. Computation of resuilts. Having determined the activity ratio for adrenaline and noradrenaline on the cat's blood pressure and on the hen's rectal cecum, and the activity of the unknown urinary extract in terms of l-noradrenaline, it is possible to calculate the relative amounts of adrenaline and noradrenaline in the urinary extract (4, 5, 7, 26) .
Adrenal gland
A. General. The adrenal gland was removed 1 to 7 hours after death, weighed, and placed in 5 per cent trichloroacetic acid.
B. Preparation of adrenal extract. The procedure used for preparing the extract is rather similar to that described under "urine extract." However, as a prelimi- nary step, the adrenal gland is homogenized in trichloroacetic acid and the adrenaline and noradrenaline are then selectively adsorbed on aluminum hydroxide and subsequently eluted.
C. Colorimietric assay. Because of the large quantities of adrenaline normally found in the human adrenal gland, the colorimetric method of von Euler and Hamberg (27) was used. This method is based upon the different oxidation velocity of adrenaline versus noradrenaline with iodine at pH 4 and pH 6; adrenaline is completely oxidized in 1.5 minutes at pH 4, while only 10 per cent of noradrenaline is oxidized at this pH. At pH 6, both amines show complete oxidation.
Rate of adrentalinie deteriorationt followcing death
In order to determine the amount of deterioration of adrenaline that might occur in the adrenal gland following death, 12 rabbits were killed and maintained at room temperature. Then, at hourly intervals for 12 hours following death, the adrenals of one rabbit were removed and assayed for adrenaline and noradrenaline, thereby affording an hourly deterioration picture of adrenaline in the adrenal gland. The results of these experiments showed that no appreciable destruction of either adrenaline or noradrenaline took place within a 10 hour period following death but, thereafter, there was a significant decline in both of these hormones. These findings would seem to indicate that as long as the adrenal glands were removed from the patient within 10 hours after death, very little destruction of adrenaline would be expected.
RESULTS
A total of 14 severely burned patients was followed, all of whom died. In each patient, the daily 24-hour urinary output of adrenaline and noradrenaline was determined and at death, correlated to the adrenaline content of the adrenal gland.
One of the 14 patients (J.J.) showed at first a markedly elevated adrenaline output, but this gradually declined until, at the time of death, the output was approximately normal but low relative to the degree of stress. The adrenaline content of the adrenal gland of this patient was normal (Table I 
DISCUSSION
From the results described in Tables I and II , it is apparent that these burned patients at the time of death fall into three distinct groups: Group A, low to normal adrenaline output with normal adrenaline content of the adrenal gland; Group B, high adrenaline output with a low adrenaline content of the adrenal gland; and Group C, low adrenaline output with a low adrenaline content of the adrenal gland. In terms of supply and demand for adrenaline, these three groups would appear to be gradations of the same coniditions, that is, the supply or synthesis of adrenaline did or did not keep up with the denman(d for and release of this hormone. The demand is represented by the physiological "stress" of the burn.
The low to normal adrenaline output with normal adrenals, as seen in Table I , Group A, represents those patients in whom the severity of burn was considerably less than that observed in Table  II , Group C. The demand for and release of adrenaline was probably not of sufficient magnitude to deplete the adrenals of adrenaline. This explanation seems especially logical since the resynthesis of adrenaline is normally quite rapid (23) (24) (25) .
It would then follow that if the demand (release) were exceptionally great, the adlrenals could be partially or totally depleted of their adrenaline storage. Such a condition has been demonstrated experimentally by administering insulin (1) and acetylcholine (3). In such a situation where demand (release) is especially great, the urinary output of adrenaline would remain elevated only as long as the reserve supply was intact. Once the storage of adrenaline is depleted, the urinary output of adrenaline would be governed by the rate of adrenaline resynthesis. Since resynthesis is normally rapid (23-25), one w(Uld expect a fairly high urinary output of adrenaline. Patients in Group B, Table I, show- ing, a high uriniary output of adrenaline and low content of a(lrenialiine in the adrenal gland, would apparently represent such a situation.
The third group (Group C) of patients, whicl represents 71.5 per cent of all the burned patients who died, shoxved a low urinary adrenaline and low adrenaline content of the adrenal gland (Table  II ). In general, these patients at first were capable of producing large quantities of adrenaline, as is seen by their initial higlh output. However, the adrenal medulla was apparently unable to synthesize adrenaline rapidly enough and certainly not at a rate commensurate witlh demand; consequently, the adrenal gland was largely depleted of its adIrenaline, leading to a terminal picture of low urinary adrenaline and a low adrenaline content of the adrenal gland; that is, an acute medullary insufficiency developed.
Why an acute adrenal medlullary insufficiency develops is difficult to say. However, it would appear that this insufficiency is typical to these particular burn patients and represents an inherent failure on the part of their medulla. This seems especially plausible since the normal adrenal medullary tisstue can synthesize large quantities of adrenaline for long periods of time, as is characteristically seen in severely burned patients who survive (7) . Although the normal medulla rapidly synthesizes adrenaline, the extent of this synthesis is at least in part dependent upon the inflow of the necessary adlrenaline precursors. Since the biosynthetic pathway for adrenaline formation is through phenylalanine, tyrosine, dopa, hydroxytyramiine and noradrenaline (28) (29) (30) (Figure 1 ) and since the adrenal medulla can synthesize adrenaline from tyrosine (28), dopa (28), hydroxytyramine (28), or noradrenaline (31), a deficiency in any one of these precursors could ulti-;nately lead to a deficit in adrenaline formation. It is further known that hepatic damage commonly occurs in severely burned patients and, since the metabolism of phenylalanine (32, 33) and tyrosine (34, 35) is so closely linked with liver function, it would then seem logical that hepatic failure might indirectly also play a part in the failure of the adrenal medulla to synthesize adrenaline. Finally, after prolonged periods of infusion which often occur in treating burned patients, an inade-quate diet itself might then possibly play a contributory role in the adrenaline deficit. Studies are currently under way to determine the therapeutic use of various adrenaline precursors in severe burns.
In evaluating the etiology of adrenal medullary insufficiency following thermal burn, one must also consider the possible role of the sympathetic nervous system in adrenaline synthesis. Since the adrenal medulla in the absence of sympathetic innervation readily synthesizes adrenaline (28) , it would appear that the sympathetic nerves, per se, have little or no direct control over adrenaline synthesis. Therefore, the premise that the medullary failure might originate in the sympathetic nervous system or higher centers seems unreasonable. On the other hand, the sympathetic nerves to the adrenal medulla are intimately related to the release of adrenaline (6, 36) .
To use a very crude analogy as a means of recapitulation, the adrenal medulla resembles a reservoir in which the inflow is represented by resynthesis of adrenaline and the outflow by the demand for and release of adrenaline. If the demand (release) exceeds the rate of resynthesis, the reservoir is depleted and the output is then governed entirely by resynthesis. If the resynthesis is rapid, then the demand is fulfilled and the reservoir remains full. In some patients the inflow, or rate of resynthesis, is apparently inadequate to meet the heavy demands imposed by the severe "stress" of burn and, consequently, the adrenals are emptied of their adrenaline storage. This latter picture would, therefore, represent an acute medullary insufficiency since the failure is ultimately in the rate of resynthesis. In view of adrenaline's important metabolic (37) (38) (39) (40) , cardiac (38, (41) (42) (43) , and vascular action (44) (45) (46) , this insufficiency is more than likely an important contributory factor in the death of the patient.
Although this paper has devoted its attention strictly to acute adrenal medullary insufficiency in severe thermal burns, it would certainly seem that a similar picture could develop in other severely stressful situations such as those which might be seen after extensive surgery, severe trauma, necrotizing pancreatitis, extensive myocardial infarction, meningococcal septicemia and so forth, and, as has been recently shown, in X-irradiation (47). SUMMARY 1. The urine and adrenals of 14 burned patients who died were assayed for adrenaline and noradrenaline.
2. Approximately two-thirds of these burned patients showed at death a subnormal adrenaline output and a low adrenaline content of the adrenal gland, a condition commensurate with acute adrenal medullary insufficiency.
3. The possible mechanism of this adrenal medullary insufficiency was discussed.
